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I NTROW CTION 

Catalytic hydrog nation of coal has  been the subject of extensive investigation 
for  many years. Mill: has reviewed recent developments i n  catalyst  system. Molten 
halide sa l t s  ave been shown to  be effect ive catalysts fo r  hydrocracking coal and 

catalysts for the hydrogenation of coal i n  a short-residence-time reactor  . This 
study is part  of an investigation of the ca ta ly t ic  processes i n  coal hydrogenatio . 
The acidity of hydygenation catalysts  and the i r  ca ta ly t ic  ac t iv i ty  fo r  simple 
reactions are discussed. 

9 coal extracts  9 . Zinc chloride and stannous chloride have been found to  b effect ive 

A previous paper was concerned w i t h  the thermal behavior of coal-catalyst  system '4 . 

EXPERIMENTAL 

The acid s t r e n g t h  of the catalysts  was determined w i t h  amine bases. A 0.2 g 
sample was placed i n  a t e s t  tube w i t h  4.0 m l  of a solution containing 0.1 mg of 
indicator i n  benzene. The mixture was agitated br ief ly  and color changes wep noted. 
The benzene was d i s t i l l ed  over metall ic sodium t o  remove water and the sol id  
catalysts  were heated t o  150°C for  5 t o  6 hours prior t o  the experiments. Experiwnts 
were performed a t  room temperature. 

chloric acids. 
butylamine i n  benzene. 
t o  remove the so l id  catalyst .  The amine solution was t i t r a t e d  w i t h  aqueous hydro- 
chloric acid using phenolphthalein indicator.  The acidity of the sample was calculated 
from the decrease i n  the n-butylamine concentration. All samples except SmC12 - 2H20 
and FeC13 

1 .5  - 2.0 g of catalyst  was evacuated to  10-6 t o r r  i n  the vessel and heated t o  
200°C for  3 hours. Propylene was introduced a t  400 t o r r  and the temperature was 
held a t  150°C. Changes in pressure were noted. The propylene was purified by 
al ternate  condensation and vaporization, w i t h  evacuation following condensation. 

The isomerization of n-butenes was studied i n  the system shown i n  Figure 1. 
A large vessel was used to  eliminate diffusion e f fec ts .  About 1.5 g of catalyst  
was evacuated a t  150°C for 3 hours. A sample of n-butene or  trans-2-butene was 
introduced to  the vessel a t  a pressure of 300 torr .  
a t  100-150°C w i t h  periodic sampling of the gas. Gas samples were analyzed by 
chromatography a t  room temperature using a 15 f t .  column of propylene carbonate 
on activated alumina and a thermal conductivity detector. 

The hydrogenation of ethylene was studied i n  the apparatus shown i n  Figure 
1. The catalyst  was introduced into the vessel and evacuated and heated. A known 
mixture of hydrogen and ethylene was introduced and the reaction was followed a t  
130-140°C by periodic sampling and analysis by gas chromatography i n  the  system 
previously described. A typical composition would be an i n i t i a l  hydrogen pressure 
of 40 t o r r  and an ethylene pressure of 19 tor r .  

Surface ac id i t ies  were determined by back t i t r a t ion  of n-butyl amine w i t h  hydro- 
About 5 g of sanple was added to 25 ml of 0.0963 M solution of n- 

The suspension was stirred vigorously fo r  3 hours and f i l t e r ed  

6H2O were heated a t  150°C for 6 hours prior t o  the experiment. 

The polymerization of propylene was studied i n  a 90 m l  reaction vessel. About 

The reaction was carried out 
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Reagent grade chemicals were used as catal s i s .  In so cases, the catalysts 
were inpregnated on Hiawatha, Utah coal (47% V . k ,  daf bas,!!! from aqueous so lu t ion .  

RESULTS AND DISCUSSION 

The acid strength of various halide catalysts are shown i n  Table 1 along w i t h  
a silica-alumina catalysts (Houdry, 13% Al2O3). Zinc chloride shows a s l igh t ly  
higher acid s t r e n g t h  w i t h  a maximum pKa of 1.5. The other haljde catalysts show 
a maximum pKa of 3.3. The acid s t r e n g t h  of the halide catalysts  i s  much less  than 
t h a t  of the silica-alumina catalyst .  The surface ac id i t ies  are shown i n  Table 11. 
The ac id i t ies  of the halide catalysts  are greater  than the silica-alumina catalyst .  
Impregnation of t h e  catalyst  on coal decreases the acidi ty  s ignif icant ly .  

Table I 
Acid Strength of Catalysts 

Phenyl azo Dimethyl Benzeneazo D i  cinnamal Anthaqui- 
Naphthylamine Yellow Diphenylamine Acetone none 

PKa 4.0 3.3 1.5 -3.0 -8.2 

W t .  % H2SO4 of 
co rres pon di ng 

Color Change 

ac id  s t r e n g t h  5X10-5 3X10-4 0.02 48 90 

ZnCl2 Yes Yes Yes No No 
ZnBr2 Yes Yes NO NO No 
ZnI Yes Yes No No No 
SnC?2.2H20 Yes Yes No No No 
FeC13.6H 0 Yes Yes No NO No 
Si02.A1&3 Yes Yes Yes Yes Yes 

Catalyst 

ZnC12 
ZnBr2 
ZnI2 
SnC12.2H20 
FeC13.6H 0 
S i  02 - A1 283 
ZnCl /coal (12.3%) 
ZnI ?coal (12.4%) 
Sncfplcoal (12.2%) 

Table I1  
Surface Acidity o f  Catalysts 

Decrease i n  n-butylamine 
concentratfon, M moles/l M moles/g 

Aci d i  t y  , 

0.0907 
0.0739 
0.0590 
0.0844 
0.0847 
0.0216 
0.0545 
0.0398 
n.c3?.!3 

4.54 
3.98 
2.90 
4.16 
4.26 
1.02 
1.36 
1-00 
0.78 

The ca t a ly t i c  act ivi ty  of ZnCl  , ZnBr  and ZnI was determined fo r  the polymeriz- 
ation o f  propylene. Th i s  reaction 3s catafyzed by ironsted acids The catalystsshcw 
no ac t iv i ty  fo r  t h i s  reaction. 
acidi ty  i s  very weak, i f  present a t  a l l ,  are n o t  responsible f o r  carbonium ion reactions. 
Bronsted and Lewis acids may catalyze the isomerization o f  butenes. Zinc chloride 
and bromide shw very l i t t l e  ac t iv i ty  fo r  the isomerization of 1-butene or trans-2- 
butene under the conditions of these experiments. The ac t iv i ty  w a s  much less than 
t h a t  of other so l id  acids such as silica-alumina and BF3 t reated alumina7. Zinc 
chloride and bromide a l so  show no ac t iv i ty  f o r  the hydrogenation of ethylene a l t h o u g h  
other s o l i d  aci 

, 
I 

I t  is concluded tha t  the halides whose Bronsted I 

I 

L 

ow considerable ac t iv i ty  a t  lower temperatures t h a n  those employed 
i n  these studies 9-71 . 
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The metal halide catalysts used in these s tudies ,  w i t h  the exception of FeC13.6H 0, 
show strong catalyt ic  act ivi ty  f o r  the hydrogenation of coal a t  short  reaction times3? 
They a l l  show high acidi ty ,  but much l w e r  acid s t r e n g t h  than silica-alumina cracking 
catalysts.  They show l i t t l e  ac t iv i ty  f o r  the acid-catalyzed reactions of this study. 
Tenperature would be expected t o  be an important factor.  
catalysts  were i n  the so l id  fom. 
is about 500°C and the catalysts are molten. 

In these experiments, the 
In coal hydrugenation reactions, the temperature 
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